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(57) Abstract 



A pump arrangement (10) is disclosed having a housing (12), a first pumping 
chamber (14) within the housing, a drive shaft (18) carried by the housing, and first 
pumping means (16) arranged for rotation within the first pumping chamber (14). The 
first pumping means is driven by the drive shaft. A second pumping chamber (22) 
accommodating second pumping means (26) is separated from the first pumping chamber 
by the housing (12) such that the housing forms a common separation wall (24). To 
provide a compact arrangement in which the first and second pumping chambers are 
reliably sealed from each other, the second pumping means is driven by the drive shaft 
(18) via a magnetic coupling (32). Thus, the coupling comprises a driver rotor (34) 
connected to the drive shaft (18) and a driven rotor (36) carried by the housing (12). The 
driver rotor (34) and the driven rotor (36) are separated by a separation wall assembly 
(48) serving as a static seal to hermetically seal the second pumping chamber from the 
drive shaft. 
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SYSTEM AND LIQUID COOLING SYSTEM 

TECHNICAL FIELD: 

The presen. invention reia.es to a pump axemen, primarily, .bough no. ex—, for use ,n 
vehicles The invention further relates to a fuel delivery system incorporating such a pump 
arrangement. The invention also relates ,o a liquid cooling system for an internal combustion 
engine incorporating such a pump arrangement. 

BACKGROUND OF THE INVENTION: 

,„ the fuel delivery system of a commercial vehicle it is known » use a rouuy displacement pump 
driven by me emission of the vehicle ,0 increase the fuel pressure in .he system to a level 
suitable for injection of me fuel into the vehicle engine. The pump has to be capable of deUvenng 
fuel a, a sufficien. pressure substantially immediately upon sorting fte engine. This impl.es that 
a. high engine speeds the pressure in me fuel delivery system is greater man actually required and. 



as a result, an overpressure 
20 pressure. 



30 



valve is required downstream of the pump to relieve the excess 



A conventional rotary displacement pump comprises a housing, a pumping chamber wtthm the 
housing, pressure increasing means in the form of intermeshing gears within the pumpmg 
chamber, and an input shaft to the housing to effect rotation of the intermeshing gears. To prevent 
25 leakage of the pumped liquid from the pumping chamber, it is necessary that adequate seahng 

means be provided between the housing and the input shaft. Due to the rotation of the mput shaft, 
a dynamic seal must be employed. In the fuel delivery system described above, failure of the 
sealing means not only implies that fuel leaks out of the system, but also that the leaking fuel may 
nugrate into the transmission and mix with the lubricant therein. Furthermore, the use of a 
.ansmission-driven fuel pump implies that a suitable location for the drive shaft to the pump has 
to be provided, as well as ensuring correct gearing for the drive shaft. Given the space constraints 
in modem vehicles, these demands are not always simple to accomplish. 
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]t is also known to use electrically driven pump to supply fuel to an internal combustion engine. 
Such a pump is not particularly efficient, however, since electrical energy to drive the pump must 
be generated by the internal combustion engine and this electrical energy is thereafter reconverted 
to mechanical energy in the pump. This implies losses during conversion. 

Virtually without exception, internal combustion engines used in commercial vehicles require 
liq uid cooling using a coolant. The coolant is pumped through the engine using a so-called water 
pump. Typically, the water pump is attached to the cylinder block and is driven by a belt from the 
crankshaft of the engine. 

A dual pump system is known from U.S. Patent No. 3 370 540 comprising a first gear pump 
having a drive member and a driven member and a second gear pump which is magnetically 
driven bv the first gear pump. The drive member and the driven member are made from magnetic 
material. The second gear pump comprises an internal gear element having magnetic material 
peripherally carried thereon in juxtaposition to both the drive member and the driven member. 
The internal gear element is separated from the drive and driven members by an impermeable 
member attached to the pump body of the first gear pump. Rotation of the drive member and the 
driven member allows responsive rotation of the internal gear element. In this manner, two 
separate liquids may be pumped by the dual pump system. A disadvantage with this dual pump 
system is that two pump bodies are required, one for the first gear pump and one for the second 
gear pump. 

Another dual pump arrangement is disclosed in DE-A-44 34 244. In said document, two axially 
arranged pumps are mechanically driven by a common drive shaft, with one pump acting as a fuel 
pump and the other pump serving as a power steering pump. A conceivable problem with this 
arrangement is the risk of leakage of liquid from one pump to the other due to failure of the seals 
around the common drive shaft. 

SUMMARY OF THE INVENTION: 

It is an object of the present invention to provide a pump arrangement which is suitable for use in 
commercial vehicles to pump fuel and coolant, which pump arrangement is potentially more 
compact, energy efficient and easier to seal than previous arrangements. 
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This object is achieved in accordance with the present invention by a pump arrangement 
according to claim 1 comprising a housing, a first pumping chamber within said housing, said first 
pumping chamber being adapted to be connected to a first liquid transport circuit, a drive shaft 
carried by said housing, first pumping means arranged for rotation within said first pumping 
chamber, said first pumping means being driven by said drive shaft, a second pumping chamber 
separated from said first pumping chamber by said housing such that said housing forms a 
common separation wall, said second pumping chamber being adapted to be connected to a 
second liquid transport circuit, said second pumping chamber accommodating second pumping 
means being driven by said drive shaft, wherein said second pumping means is driven by said 
drive shaft via a magnetic coupling, the coupling comprising a driver rotor connected to said drive 
shaft and a driven rotor carried by said housing, said driven rotor driving said second pumping 
means, said driver rotor and said driven rotor being separated by a separation wall assembly 
serving as a static seal to hermetically seal the second pumping chamber from said drive shaft. 

Accordingly, the pump arrangement of the present invention is a single compact unit which is able 
to pump two separate liquids in respective liquid transport circuits with greatly reduced risk of 
inadvertent mixing of the two liquids. Furthermore, since the magnetic coupling is only capable of 
transmitting a predetermined value of torque, the pressure downstream of the pump cannot exceed 
a predetermined value, irrespective of the rotational speed and/or torque of the input shaft. 

The invention further provides for a fuel delivery system incorporating the pump arrangement of 
the present invention, as well as a liquid cooling system incorporating said pump arrangement. 

In addition, the invention provides for a vehicle comprising the fuel delivery system and the liquid 
cooling system of the present invention. 

Further preferred embodiments of the invention are detailed in the dependent claims. 
BRIEF DESCRIPTION OF THE DRAWINGS: 

The invention will be described in greater detail in the following by way of example only and 
with reference to embodiments shown in the attached drawings, in which: 



Fig. 1 is a schematic perspective view of the pump arrangement of the present 
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Fig. 2 is a schematic cross-sectional view along line IMI of Fig. 1 ; 

Fig . 3 is a simplified end view of the pump arrangement according to the present invention in a 
partially dismantled condition; 

Fig. 4 is a schematic perspective view of the separation wall assembly fomrrng a part of the 
pump arrangement of the present invention; 

FiB . 5 is a schematic perspective view of the driver rotor formtng a part of the pump arrangement 
according to the present invention; 

Fig.6 1S aschematic representation ofa fuel delivery system incorporating the pump 
arrangement according to the present invention; and 

Fig 7 isaschematic representation corresponding to Fig. 6, though with the addition of a liquid 
cooling system incorporating the pump arrangement according to the present invents. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS: 

In the following, the pump arrangement of the present invention will be described in a favoured 
application for use as a combined fuel pump and water pump for an internal combustion engme. It 
is to be understood, however, that such an application is described by way of example only and 
that the pump arrangement may be employed for any application in whrch its particular 
advantages may be utilized. 

In the drawings, reference numeral 10 generally denotes a pump arrangement according to the 
present invention. The pump comprises a housing 12 which, in a favoured application of the 
present invention, is arranged to be bolted or attached in any suitable manner to the block of an 
internal combustion engine. 

With particular reference to Fig. 2, the pump arrangement 10 comprises a first pumping chamber 
,4 within the housing 12. The first pumping chamber is adapted to be connected to a first liqmd 
transport circuit, for example the liquid cooling system of a vehicle engine. Thus, in a known 
manner, the first pumping chamberH may be used to generate pressure in a liquid coolant. To 
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this end first pumping means 16 in the form of an impeller is arranged for rotation within the first 
pumping chamber. To effect rotation of the impeller 16, the impeller is connected to a drive shaft 
1 8 carried by the housing 12. The drive shaft 1 8 is caused to rotate by a not shown dnve belt or 
gear train driven by the crankshaft of the engine to which the pump arrangement is attached. A 
sealing bush 20 is provided between the drive shaft 1 8 and the housing 12 to thereby prevent 
leakage of the liquid coolant out of the first pumping chamber past the drive shaft. Liquid coolant 
is Produced into the first pumping chamber 14 through an opening arranged concentrically with 
the drive shaft 1 8 and exits the first pumping chamber via an outlet 21 to thereafter continue Us 
path through the first liquid transport circuit. 

The pump arrangement 10 also incorporates a second pumping chamber 22 adapted to be 
connected to a second liquid transport circuit, the second pumping chamber being hermetically 
sealed from the first pumping chamber 14. In other words, the contents of the first pumping 
chamber cannot enter the second pumping chamber or vice versa. To this end, the first pumping 
chamber 14 may be formed in a first surface of the housing 12 and the second pumping chamber 
22 may be formed in a second surface of the housing. In this manner, the housing serves as a 
common separation wall 24 between the pumping chambers. Although in the drawings the 
housing 12 is shown as a unitary piece, it is to be understood that the housing may also be 
fabricated from a plurality of components. Thus, the expression "common separation wall" is 
intended to encompass both a unitary wall and a fabricated wall. 

In the described embodiment, the second liquid transport circuit is a fuel delivery system and the 
second pumping chamber is utilized to increase the pressure in fuel. To achieve this, the second 
pumping chamber 22 accommodates second pumping means 26 in the form of, for example, a pa t r 
of intermeshing gear wheels (see Fig. 3). The second pumping chamber 22 has an inlet 28 and an 
outlet 30 for the liquid to be pumped, i.e. fuel in the exemplary embodiment. In a manner which 
will be explained in more detail in the following, and in accordance with the present invention, the 
second pumping means 26 is driven by the drive shaft 1 8 via a magnetic coupling 32. 

As is most clearly apparent from Fig. 2, the coupling 32 comprises a driver rotor 34 connected to 
the drive shaft, for example by splines or a keyed connection, and a driven rotor 36 carried by the 
housing 12. The driver rotor 34 and the driven rotor 36 are concentrically arranged about the drive 
shaft 18. The driven rotor 36 is journalled for rotation on the housing and drives the second 
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pumping means 26 via a toothed peripheral section 38 on the driven rotor. In a preferred 
embodiment of the invention, the driver rotor 34 supports a number of first magnets 40 arranged 
circumferentially on the driver rotor and the driven rotor 36 supports a number of second magnets 
42 arranged circumferentially on the driven rotor. The first magnets 40 on the driver rotor are held 
in a first magnet holder assembly 44 and the second magnets 42 on the driven rotor 36 are held in 
a similar manner in a second magnet holder assembly 46. The first and second magnet holder 
assemblies 44,46 are preferably each in the form of an annular ring having a number of recesses 
equal to the number of magnets for maintaining the magnets in spaced peripheral relationship. To 
ensure optimal torque transmission through the coupling 32, the first and second magnet holder 
assemblies should be substantially radially aligned. 

In the preferred embodiment shown in the drawings, the first magnet holder assembly 44 is 
arranged on a radially inwardly facing surface of the driver rotor 34 (see also Fig. 5) and the 
second magnet holder assembly 46 is arranged on a radially outwardly facing surface of the driven 
rotor 36. A construction is however conceivable in which the relative positions of the first and 
second magnet holder assemblies are reversed. 

To ensure that the second pumping chamber 22 is sealed, a separation wall assembly generally 
denoted by reference numeral 48 is provided. With particular reference to Figs. 2 and 4, the 
separation wall assembly serves i.a. to separate the driver rotor 34 and the driven rotor 36. More 
particularly, the separation wall assembly 48 has an annular portion 50 arranged substantially 
parallel to the drive shaft 1 8, the annular portion passing through a gap between the first and 
second magnet holder assemblies 44 and 46. At a first axial end of the annular portion 50, the 
separation wall assembly has a radially outwardly extending flange 52 partially delimiting the 
second pumping chamber 22. At a second axial end of the annular portion, the assembly has a 
radially inwardly extending flange 54 comprising sealing means 56 for sealing against the housing 
12. The radially outwardly extending flange 52 may also be provided with sealing means 58 to 
assist in retaining liquid within the second pumping chamber. It will thus be apparent that the 
separation wall assembly 48 serves as a static seal to hermetically seal the second pumping 
chamber from the rotating drive shaft and driver rotor. 



In terms of material selection, the separation wall assembly may be made from steel, preferably 
stainless steel, while the housing and the first and second magnet holder assemblies may be ma< 



WO 00/29730 



7 



PCT/SE99/02039 



from aluminium. 

The amount of torque which can be transmitted through the coupling 32 depends i.a. on the 
strength of the magnets and the size of the gap between the first and second magnet holder 
assemblies. The parameters determining the amount of torque which can be transmitted can of 
course be selected for each chosen application. A major advantage of using a magnetic coupling is 
that when a certain value of torque is applied across the coupling 32, the second magnet holder 
assembly 46 tends to lag behind the first magnet holder assembly 44, i.e. the coupling "slips". 
Should the amount of torque increase further, the first magnet holder assembly 44 "skips" relative 
to the second magnet holder assembly 46 and proceeds to rotate faster than the second magnet 
holder assembly whilst still transmitting the same, maximum, amount of torque. Accordingly, the 
preferred coupling 32 of the present invention is eminently suitable for use in applications in 
which a maximum amount of torque transmission is desired irrespective of the applied torque. 

Operation of the pump arrangement of the present invention will be described in the following in 
which the pump arrangement is used to pump both a coolant and a fuel for an internal combustion 
engine. 

When the drive shaft 18 is caused to rotate, coolant is drawn into the first pumping chamber 14 
due to rotation of the impeller 16. After being subjected to an increase in pressure, the coolant 
exits the first pumping chamber via the outlet 21 . Should the impeller 1 6 be directly attached to 
the drive shaft 18, the volume flow rate of coolant will be substantially proportional to the 
rotational speed of the drive shaft. 

Rotation of the drive shaft 1 8 also effects rotation of the driver rotor 34 and hence the first magnet 
holder assembly 44. The magnetic field between the magnets of the first and second magnet 
holder assemblies causes the second magnet holder assembly 46 and thus the driven rotor 36 to 
rotate. As a result, the toothed peripheral section 38 of the driven rotor 36 engages with the gear 
wheels 26 of the second pumping means within the second pumping chamber 22 and fuel is drawn 
into the chamber via the inlet 28. After being subjected to an increase in pressure, the fuel exits 
the second pumping chamber via the outlet 30 to continue its path through the second liquid 
transport circuit. 
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For internal combustion engines equipped with a fuel injection system, the pump arrangement has 
to be capable of delivering fuel at a sufficient pressure substantially immediately upon starting the 
engine. Accordingly, the pump arrangement 10 is designed such that fuel exits the second 
pumping chamber at sufficiently high pressure even at low rotational speeds of the drive shaft 18. 
To prevent excess pressure arising in the fuel system at higher rotational speeds of the drive shaft, 
the coupling 34 is arranged to slip in the manner described above if the applied torque is greater 
than that necessary to maintain the desired pressure in the fuel system. In this manner, it is 
ensured that the pumping pressure in the second pumping chamber 22 never exceeds a desired 
level. 

The above-described pump arrangement is eminently suitable for use as a fuel pump in a vehicle 
fuel delivery system. Such a system is schematically illustrated in Fig. 6 and serves as the second 
liquid transport circuit. In the drawing, the pump is denoted by reference numeral 10. The pump 
has a suction side 60 and an output side 62. The suction side 60 of the pump is connected to a fuel 
reservoir 64 and a fuel delivery line 66 is connected to the output side 62 of the pump. A fuel 
filter 68 is connected into the delivery line 66. Downstream of the fuel filter 68, a number of fuel 
injectors 70 are provided with fuel via the delivery line. The fuel injectors are arranged to inject 
fuel into cylinders of an internal combustion engine 71 . In order to ensure that the fuel delivered 
to the injectors 70 has a substantially uniform temperature, the pump is arranged to pump a 
greater quantity of fuel along the delivery line 66 than is required by the injectors. The surplus of 
fuel is returned to the suction side 60 of the pump via a return line 72. A further advantage of this 
arrangement is that fuel is recirculated through the filter 68 a number of times, thereby increasing 
the purity of the fuel. 

In a typical installation, the pump can be arranged to pump between 2 and 8 litres/minute (1/min) 
of fuel at a maximum pressure of about 9 bar in the fuel delivery line 66 adjacent the outlet side 
62 of the pump. Normally, a maximum pressure of about 6 bar is sufficient in the fuel delivery 
line. Thus, a not shown overpressure valve may be incorporated in the fuel delivery system. 
Depending on the load on the engine, between about 0.5 and 1.5 1/min of fuel is injected into the 
engine via the injectors 70. This implies that between about 1 .5 and 7.5 1/min of fuel is returned to 
the pump. An amount of fuel corresponding to that which has been injected into the engine is 
drawn from the reservoir by the pump. A one-way valve 74 between the reservoir 64 and the 
pump ensures that fuel in the return line 72 does not drain into the reservoir. 
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Since the magnetic coupling in the pump can be adapted to ensure that a maximum pressure of no 
more than 9 bar is generated in the delivery line 66, even if the overpressure valve should stick 
shut no damage will result. This further implies that less power is needed to drive the pump than 
with conventional pumps in which the fuel output pressure is much greater than 9 bar at lugher 
pump speeds. 

The system shown schematically in Fig. 7 corresponds essentially to Fig. 6, though with the 
addition of a liquid cooling system, generally denoted by reference numeral 76, connected to the 
pump arrangement 10. Accordingly, the liquid cooling system serves as the first liquid transport 
circuit. Coolant from the engine 71 passes into an inlet 78 of the pump arrangement 10 and exits 
the arrangement via the outlet 21. Downstream of the pump arrangement there is located a 
thermostat 80 to divert flow either along a bypass conduit 82 or through a heat exchanger 84. 
After flowing through either the bypass conduit or the heat exchanger, the coolant is returned to 
the engine 71 via a return conduit 86. 

It is to be understood that the invention is not restricted to the embodiments described above and 
shown in the drawings, but may be varied within the scope of the appended claims. For example, 
although the pump arrangement has been described in an application in which two different 
liquids are pumped, it is to be understood that the liquids of the first and second liquid transport 
cucuits may be of the same type. Important for the invention is only that the liquids of the two 
circuits are maintained in their respective circuits at least through the pump arrangement without 
mixing taking place. 
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CLAIMS 



1. A pump arrangement (10) comprising 
a housing (12); 

a first pumping chamber (14) within said housing, said first pumping chamber being 
adapted to be connected to a first liquid transport circuit; 
a drive shaft (1 8) carried by said housing; 

first pumping means (16) arranged for rotation within said first pumping chamber (14), 
said first pumping means being driven by said drive shaft; 

a second pumping chamber (22) separated from said first pumping chamber by said 
housing (12) such that said housing forms a common separation wall (24), said second pumping 
chamber being adapted to be connected to a second liquid transport circuit, said second pumping 
chamber (22) accommodating second pumping means (26) being driven by said drive shaft; 
characterized in that said second pumping means is driven by said drive shaft (18) via a magnetic 
coupling (32), the coupling comprising a driver rotor (34) connected to said drive shaft (1 8) and a 
driven rotor (36) carried by said housing (12), said driven rotor driving said second pumping 
means (26), said driver rotor (34) and said driven rotor (36) being separated by a separation wall 
assembly (48) serving as a static seal to hermetically seal the second pumping chamber from said 
drive shaft. 

2. The pump arrangement as claimed in claim 2, characterized in that said driver rotor (34) 
supports a number of first magnets (40) arranged circumferentially on said driver rotor, and in that 
said driven rotor (36) supports a number of second magnets (42) arranged circumferentially on 
said driven rotor. 

3. The pump arrangement as claimed in claim 2, characterized in that said number of first magnets 
(40) on said driver rotor are held in a first magnet holder assembly (44), in that said number of 
second magnets (42) on said driven rotor are held in a second magnet holder assembly (46), and in 
that said first and second magnet holder assemblies are substantially radially aligned. 
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4. The pump arrangement as claimed in claim 3, characterized in that said first magnet holder 
assembly (44) is arranged on a radially inwardly facing surface of said driver rotor (34), and in 
that said second magnet holder assembly (46) is arranged on a radially outwardly facing surface of 
said driven rotor (36). 

5. The pump arrangement as claimed in any one of the preceding claims, characterized in that said 
separation wall assembly (48) has an annular portion (50) arranged substantially parallel to said 
drive shaft (18), said annular portion passing through a gap between said first and second magnet 
holder assemblies (44, 46), in that at a first axial end of said annular portion (50), said separation 
wall assembly has a radially outwardly extending flange (52) partially delimiting said second 
pumping chamber (22), and in that at a second axial end of said annular portion (50), said 
assembly has a radially inwardly extending flange (54) comprising sealing means 56 for sealing 
against said housing (12). 

6. The pump arrangement as claimed in claim 5, characterized in that said separation wall 
assembly (48) is made from steel. 

7. The pump arrangement as claimed in any one of claims 3 to 6, characterized in that said 
housing (12) and said first and second magnet holder assemblies (44, 46) are made from 
aluminium. 

8. A fuel delivery system comprising the pump arrangement as claimed in any one of the 
preceding claims. 

9. The fuel delivery system as claimed in claim 8, said system further comprising a fuel reservoir 
(64) connected to a suction side (60) of said pump arrangement (10), a fuel delivery line (66) 
connected to an output side (62) of said pump arrangement, a fuel filter (68) in said delivery line, 
a number of fuel injectors (70) connected to said delivery line downstream of said fuel filter, and a 
return line (72) from said number of injectors to said suction side (60) of said pump arrangement. 



10. The fuel delivery system of claim 9, wherein said magnetic coupling in said pump 
arrangement restricts the amount of torque transmitted to the driven rotor such that a maximum 
pressure of about 9 bar is attained at said output side (62) of said pump. 
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1 1 . A liquid cooling system comprising the pump arrangement as claimed in any one of claims 1 
to 7. 



5 



12. A vehicle comprising the fuel delivery system as claimed in claims 8 to 10 and the liquid 
cooling system as claimed in claim 11. 



WO 00/29730 



1/5 



PCT/SE99/02039 




WO 00/29730 



PCT/SE99/02039 



2/5 




FIG. 2 



WO 00/29730 



4/5 



PCT/SE99/02039 




FIG. 5 



WO 00/29730 



5/5 



PCT/SE99/02039 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 99/02039 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC7: F01P 5/12, F02M 37/14, F04C 11/00, F04C 15/00, F04D 13/12 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC7: F01P, F02M, F04C, F04D 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US 3370540 A (K.H. CARPENTER), 27 February 1968 
(27.02.68), figure 3 



US 5779456 A (BOWES ET AL), 14 July 1998 
(14.07.98), figures l,3a-3c 



DE 4434244 Al (LUK FAHRZEUG-HYDRAULIK GMBH & CO. 
KG), 21 March 1996 (21.03.96), figure 1 



US 1502234 A 
figure 2 



(G.L. DAVIS), 22 July 1924 (22.07.24), 



Relevant to claim No. 



l-n 



1,8,12 



Further documents are listed in the continuation of Box C. See pa tent family annex. 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

erlicr document but published on or after the international filing date 

document which may throw doubts on priority claimfs) or which is 
cited to establish the publication date of another citation or other 
.special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



"T" later document published after the international filing dale or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y" document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 



Date of mailing of the international search report 

0 3 -03- 2000 



Date of the actual completion of the international search 



2 March 2000 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized officer 

Lena Nilsson / JA A 

Telephone No. + 46 8 782 2S 00 



Form PCr/ISA;210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 99/02039 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 2625106 A (H.N. HOFFMAN), 13 January 1953 
(13.01.53), figure 2 



US 5159901 A (CHONAN), 3 November 1992 (03.11.92), 
figure 1, abstract 



US 5340284 A (NICOL), 23 August 1994 (23.08.94), 
figure 1, abstract 



11,12 



1,8,12 



Form PCT. ISAJ210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



02/12/99 



International application No. 

PCT/SE 99/02039 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


| US 3370540 


A 


27/02/68 


NONE 




US 5779456 


A 


14/07/98 


NONE 




| DE 4434244 


Al 


21/03/96 


DE 29510509 U 
DE 59505139 D 
EP 0702143 A,B 
JP 8093588 A 


31/08/95 
00/00/00 
20/03/96 
09/04/96 


i US 1502234 


A 


22/07/24 


NONE 




! US 2625106 


A 


13/01/53 


NONE 




US 5159901 


A 


03/11/92 


JP 4284120 A 


08/10/92 


| US 5340284 


A 


23/08/94 


DE 69318059 D,T 
EP 0561505 A,B 
ES 2115724 T 


17/09/98 
22/09/93 
01/07/98 



Form PCT; ISA/210 (patent family annex) (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 



□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



Lr REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ACK BORDERS 




